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RADAR 



BACKGROUND OF THE INVENTION 
5 i. Field of the Invention 

The present invention relates to a radar or, 
more particularly, to a radar suitable for a vehicle and 
usable to help prevent collision or to .realize automatic 
cruise control or automatic operation. 
10 2. Description of the Related Art 

Various forms of radar, including a frequency 
modulated-continuous wave (FM-CW) form and a pulsed- 
Doppler form, are adaptable to a radar that measures a 
distance between a vehicle and an object or a relative 
15 speed of an object to a vehicle. Above all, the FM-CW 

radar has the advantages of being relatively compact and 
inexpensive in circuitry and of simultaneously measuring 
both a distance between moving entities and a relative 
speed. Therefore, the FM-CW radar has been adopted for 
20 vehicles. 

In general, the radar employs, as described in, 
for example, Japanese Unexamined Patent Publication No. 
2001-183450, an analog-to-digital (A/D) converter because 
an analog signal received by a receiving antenna is 
25 converted into a digital signal and then processed 

digitally. 

Incidentally, the A/D converter falls into a 
single-polarity power type that receives a voltage 
ranging from 0 V to any positive value (for example, 

30 ranging from 0 V to 5 V) and a dual-polarity power type 

that receives a voltage ranging from any negative value 
to any positive value. Normally, A/D converters 
incorporated in microprocessors and DSPs are of the 
single-polarity power type. 

35 As for the radar, when a signal must be 

analyzed using a single-polarity power type A/D 
converter, a signal component must be appropriately 
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biased (with a dc voltage). in this case, if fast 
Fourier transform (FFT) is adopted for the signal 
analysis, a low-frequency signal component may not be 
detected because of the adverse effect of a dc voltage , 
5 or information may be distorted. 

Moreover, if a dual-polarity power type A/D 
converter is employed, a filter or the like is used to 
remove a dc component of a signal, and the resultant 
signal is analyzed through Fourier transform or the like. 
10 In this case, when a window function or the like is 

applied to the signal, a dc component may be produced. 
This adversely affects a low-frequency signal component. 
SUMMARY OF THE INVENTION 

The present invention attempts to solve the 

15 foregoing problem. An object of the present invention is 
to provide a radar that suppresses a dc component so as 
to improve the precision in processing a signal which 
belongs to a low-frequency band. 

In order to accomplish the above object, according 

20 to the first aspect of the present invention, there is 
provided a radar comprising a mixer that mixes a 
transmitted signal and a received signal, and an A/D 
converter that analog-to-digital converts an output 
signal of the mixer. The radar further comprises: a 

2 5 removing unit for removing a dc voltage component by 

subtracting a predetermined removal voltage value from 
output data of the A/D converter; and an analyzing unit 
for Fourier-transforming data, that has the dc voltage 
component thereof removed by the removing unit, so as to 

30 analyze the data. 

According to the second aspect of the present 
invention, preferably, the radar in accordance with the 
first aspect has a bias voltage application circuit 
included as a stage preceding the A/D converter. The 

35 removing unit uses a measurement of a voltage at a dc 

voltage source, which is employed by the bias voltage 
application circuit, as the removal voltage value. 
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Moreover, according to the third aspect of the 
present invention, preferably, the voltage measurement 
employed in the radar in accordance with the second 
aspect is obtained by measuring the voltage at the dc 
5 voltage source with no signal received by the bias 
voltage application circuit. 

Moreover, according to the fourth aspect of the 
present invention, preferably, the radar in accordance 
with the third aspect further comprises a switch that 

10 discontinues conduction of a signal so as to establish a 
state in which no signal is received by the bias voltage 
application circuit. 

Moreover, according to the fifth aspect of the 
present invention, preferably, the removing unit included 

15 in the radar in accordance with the first aspect 

calculates the removal voltage value on the basis of the 
output data of the A/D converter. 

Moreover, according to the sixth aspect of the 
present invention, preferably, the removing unit included 

20 in the radar in accordance with the fifth aspect 

calculates the removal voltage value as an average of 
output data items of the A/D converter. 

Moreover, according to the seventh aspect of the 
present invention, preferably, the removing unit included 

25 in the radar in accordance with the sixth aspect applies 
a window function to the data items that have the average 
subtracted therefrom. The removing unit calculates a 
second average by averaging the data items that have the 
window function applied thereto, and subtracts the second 

3 0 average from the data items that have the window function 

applied thereto. 

Moreover, according to the eighth aspect of the 
present invention, preferably, the removing unit included 
in the radar in accordance with the first aspect performs 

35 digital filtering on the data items that have been 

treated by the removing unit so as to remove a low- 
frequency component. 
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Moreover, according to the ninth aspect of the 
present invention, preferably, the digital filtering 
employed in the radar in accordance with the eighth 
aspect is performed on the data items that have the 
5 window function applied thereto, 

BRIEF DESCRIPTION OF THE DRAWINGS 
Further features and advantages of the present 
invention will be apparent from the following description 
with reference to the accompanying drawings, in which: 
10 Fig. 1A and Fig. IB show characteristic curves 

indicating the relationship between each of the 
frequencies of a transmitted signal and a received signal 
and a time, and the relationship between a beat frequency 
and a time on the assumption that a relative speed 
15 measured by an FM-CW radar is 0; 

Fig. 2A and Fig. 2B show characteristic curves 
indicating the relationship between each of the 
frequencies of a transmitted signal and a received signal 
and a time, and the relationship between a beat frequency 
2 0 and a time on the assumption that the relative speed 
measured by the FM-CW radar is not 0; 

Fig. 3 is a block diagram showing the configuration 
of an FM-CW radar in accordance with a first embodiment 
of the present invention; 
25 Fig. 4A and Fig. 4B show waveforms so as to present 

an example of the voltage of an input signal of a bias 
application circuit and an example of the voltage of an 
output signal thereof; 

Fig. 5 is a flowchart describing a signal processing 
30 procedure to be executed by a processing unit included in 
the first embodiment of the present invention; 

Fig. 6 is a flowchart describing a signal processing 
procedure to be executed by a processing unit included in 
the second embodiment of the present invention; 
35 Fig. 7 is a flowchart describing a signal processing 

procedure to be executed by a processing unit included in 
the third embodiment of the present invention; and 
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Fig. 8 is a flowchart describing a signal processing 
procedure to be executed by a processing unit included in 
the fourth embodiment of the present invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 Referring to the appended drawings, embodiments of 

the present invention adapted to an FM-CW radar will be 
described below. 

To begin with, the principles of measurement of a 
distance and a relative speed by means of an FM-CW radar 

10 will be described in conjunction with Fig. 1A, Fig. IB, 
Fig. 2A, and Fig. 2B. The FM-CW radar transmits a 
continuous wave while frequency-modulating the wave, and 
receives echoes (reflected waves) from an object 
(obstacle) within a measurable range. 

15 Herein, assuming that the frequency modulation (FM) 

is controlled using a triangular wave (that alternates 
within a range of ±Af/2 with a frequency f 0 as a center 
frequency), the relationship between the frequency of a 
transmitted signal and a time is plotted as a solid line 

20 in Fig. 1A. 

Assuming that the relative speed of an object, which 
lies in a place separated by a distance R, to a radar is 
0, the relationship between the frequency of a signal 
reflected from the object and a time is plotted as a 

25 dashed line in Fig. 1A. Consequently, one (beat 

frequency) f r of the frequencies of a beat-frequency 
signal resulting from mixing of a transmitted signal and 
a received signal (that is, a reflected signal) is 
indicated with the waveform shown in Fig. IB. 

30 Herein, assuming that the repetition frequency of a 

modulating triangular wave is f m and the velocity of 
light is c, the following relationship is established: 
f r / (2R/c) = (Af/2) / {(1/ f m )/4} 
.\ R = f r C / 4 f m Af 

35 Consequently, the distance R can be calculated by 

measuring the beat frequency f r . 
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If the relative speed of the object to the radar is 
not 0, the Doppler effect occurs. Therefore, the 
transmitted and received signals are plotted as shown in 
Fig, 2A. Consequently , a beat frequency f up obtained 
5 while the frequency of the transmitted signal is rising, 
and a beat frequency f down obtained while the frequency of 
the transmitted signal is falling are plotted as shown in 
Fig* 2B. 

Namely, the frequencies f up and f down result from 
10 superimposition of the Doppler frequency f d to the beat 
frequency f r obtained when the relative speed is 0. 

fup = f r - f d 
fdown " fr + fd 

As already known, when a target makes a relative 

15 motion at a speed v r , the frequency of a reflected wave 
that the radar receives becomes different from the 
frequency f 0 of the transmitted wave by a Doppler shift 
expressed as follows: 
f d - 2 • v t ■ f 0 /c 

20 where c equals a product of 3 by 10 8 (m/s). 

Consequently, the f^ and f down values are measured 
and the f r and f d values are calculated using the f up and 
fdown values. Eventually, the distance from the radar to 
the object and the relative speed of the object to the 

25 radar can be calculated. 

Fig. 3 is a block diagram showing the configuration 
of an FM-CW radar in accordance with a first embodiment 
of the present invention. Referring to the drawing, a 
modulating signal generator 10 generates a triangular 

30 signal as a modulating signal. A voltage-controlled 

oscillator 12 produces a transmitted signal that has been 
frequency-modulated (FM) based on the triangular signal. 
The transmitted signal is radiated as a transmitted wave 
(radio wave) from a transmitting antenna 14. 

35 A receiving antenna 16 receives a reflected wave 

that is a reflected portion of the transmitted wave, and 
the received signal is transferred to a mixer 18. The 
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mixer 18 mixes the received signal and transmitted signal 
to produce a beat-frequencies signal. The produced beat- 
frequencies signal is transferred to a processing unit 28 
by way of a filter 20 , a switching circuit 22, a bias 
5 application circuit 24 , and an analog-to-digital (A/D) 

converter 26. 

The processing unit 2 8 comprises a microprocessor or 
a digital signal processor (DSP), fast Fourier-transforms 
(FFT) the beat-frequencies signal for analysis, and 
10 calculates a distance to an object and the relative speed 
of the object according to the aforesaid principles of 
measurement. 

The A/D converter 26 is of the aforesaid single- 
polarity power type, and receives an input voltage 

15 ranging from 0 V to any positive value (for example, from 
0 V to 5 V). Therefore, the bias application circuit 24 
is included as a stage preceding the A/D converter 26. 
The bias application circuit 24 uses a dc voltage source 
3 0 to apply a predetermined bias voltage (for example, 

20 2.5 V) to an input signal. In other words, the bias 

application circuit 24 converts the voltage of an input 
signal like the one shown in Fig. 4A into the voltage of 
an output signal like the one shown in Fig. 4B. 

However, the dc voltage source 30 does not always 

25 develop a constant voltage but develops a varying 

voltage. It is therefore hard for a succeeding stage to 
cope with the adverse effect of application of a bias 
voltage, that is, a dc voltage in a steady manner. As 
mentioned above, when a signal is analyzed in the 

30 frequency domain thereof resulting from fast Fourier 

transform (FFT) performed in the succeeding stage, the 
precision in detecting a low-frequency signal component 
is degraded due to the adverse effect of a dc voltage. 
According to the first embodiment of the present 

35 invention, the voltage at the dc voltage source 30 is 

measured, and the measurement is subtracted from output 
data of the A/D converter 26. Thus, a dc voltage 
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component is removed. The flowchart of Fig. 5 describes 
a concrete procedure to be executed by the processing 
unit 28. 

First f at step 102, the value of the voltage at the 
5 dc voltage source 30 is converted into digital data DCO 
by the A/D converter 2 6 in order to measure the voltage. 
The digital data DCO is stored as a dc voltage component, 
that is, a removal voltage value. In order to improve 
the precision in measurement, the voltage should 
10 preferably be measured with no signal received by the 

bias application circuit 24. In particular, according to 
the present embodiment, the switching circuit 22 that 
discontinues conduction of a signal is included as a 
stage preceding the bias application circuit 24 in order 
15 to forcibly establish a state in which no signal is 
received by the bias application circuit 24. 

Thereafter, at step 104, the output data items of 
the A/D converter 26, that is, N digital data streams An 
(where n = 1, 2, . . . , N) serving as the beat-frequencies 
20 signal are fetched. 

At step 106, an arithmetic operation is performed 
according to the following expression: 

Bn = An - DCO 
The removal voltage value DCO that is a dc voltage 
2 5 component is removed from each of the data streams An 

(where n = 1, 2, . . . , N) , whereby data streams Bn (where 
n=l, 2, N) are worked out . 

At the last step 108, the beat-frequencies signal 
having the dc component removed therefrom, that is, the 
30 data streams Bn (where n = 1, 2, N) are fast 

Fourier-transformed, and then frequency-analyzed based on 
the principles of measurement. 

According to the first embodiment, the voltage at 
the dc voltage source is measured and a dc component is 
35 canceled. A description will be made of embodiments in 
which a dc voltage component, that is, a removal voltage 
value is calculated using the output data of the A/D 
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converter 26. The subsequent embodiments are adaptable 
to a radar that includes the A/D converter 26 which is 
shown in Fig. 3 but is of the dual-polarity power type, 
but that excludes the switching circuit 22 , bias 
5 application circuit 24 , and dc voltage source 30. 

Fig. 6 is a flowchart describing a signal processing 
procedure to be executed by the processing unit 2 8 
included in a second embodiment of the present invention. 
First, at step 202, the output data items of the A/D 
10 converter 26, that is, N digital data streams An (where n 
= 1, 2, N) serving as a beat-frequencies signal are 

fetched. 

At step 204, an arithmetic operation is performed 
according to the following expression: 
15 DC1 = (l/N)2An 

A dc voltage component, that is, a removal voltage value 
DC1 is calculated as an average of the output data items 
of the A/D converter 26. 

At the next step 206, an arithmetic operation is 
20 performed according to the follow expression: 

Bn = An - DC1 

The dc voltage component, that is, the removal voltage 
value DC1 is removed from each of the data streams An 
(where n = 1, 2, ...,N), whereby data streams Bn (where 

25 n = 1, 2, ...,N) are worked out. 

At step 208, the beat-frequencies signal having the 
dc voltage component removed therefrom, that is, the data 
streams Bn (where n = 1, 2, N) are fast Fourier- 

transformed (FFT), and then frequency-analyzed based on 

30 the aforesaid principles of measurement. According to 

the second embodiment, a dc component is canceled based 
on the output data itself of the A/D converter 26. 

Fig. 7 is a flowchart describing a signal processing 
procedure to be executed by the processing unit 2 8 

35 included in a third embodiment that is an improvement on 

the foregoing second embodiment. The contents of steps 
302, 304, and 306 are identical to those of the step 202, 
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204 , and 206 described in Fig. 6 and employed in the 
second embodiment. 

At step 308, an arithmetic operation is performed 
according to the following expression: 
5 Bn ■ = Wn x Bn 

A predetermined window function Wn is applied to data 
streams Bn (where n = 1, 2, ...,N) resulting from 
removal of a dc component. Namely, part of each input 
data stream is extracted for use, or, in other words, 
10 windowing is performed. 

Thereafter, at step 310, X 0s are appended to data 
streams Bn* resulting from the windowing in order to 
produce new data streams Cm (where m= 1, 2, M) 
(M=N+X). In other words, up-sampling (interpolation) is 
15 performed in order to expand a time base by intentionally 

appending a certain number of 0s. Thus, a frequency 
resolution is improved. 

At the last step 312, the data streams Cm (where m = 
1, 2, M) are fast Fourier-transformed (FFT), and 

20 then frequency-analyzed based on the aforesaid principles 

of measurement. 

Fig. 8 is a flowchart describing a signal processing 
procedure to be executed by the processing unit 2 8 
included in a fourth embodiment that is an improvement of 
25 the third embodiment. The contents of steps 402, 404, 

406, and 408 are identical to those of the steps 302, 
304, 306, and 308 described in Fig. 7 and employed in the 
third embodiment. 

At step 410, an arithmetic operation is performed 
30 according to the following expression: 

DC2 = (l/N)2Bn' 

A second dc voltage component, that is, a second removal 
voltage value DC2 is calculated as an average of the data 
streams Bn ' resulting from windowing. This is because 
3 5 the application of a window function may generate a new 

dc component . 
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Thereafter, at step 412, an arithmetic operation is 
performed according to the following expression: 

Bn H = Bn 1 - DC2 
The second removal voltage value DC2 is removed from each 
5 of the data streams Bn ' (where n = 1, 2, . .., N), whereby 

data streams Bn" (where n = 1, 2, N) are calculated. 

At step 414, X Os are appended to the data streams 
Bn" (where n = 1, 2, • . . , N) in order to produce new data 
streams Cm (where m = 1, 2, . . . , M) (M=N+X). At the last 
10 step 416, the data streams Cm (where m = 1, 2, . .., M) 

are fast Fourier-transformed (FFT) and then frequency- 
analyzed based on the aforesaid principles of 
measurement ♦ 

Since an unremoved dc component may remain in data 

15 having a dc component removed therefrom as mentioned 

above, digital filtering should preferably be executed in 
order to remove the dc component ( low- frequency 
component). Moreover, digital filtering may be performed 
on data that has a window function applied thereto, 

2 0 Several embodiments of the present invention have 

been described so far. Needless to say, the present 
invention is not limited to those embodiments but other 
various embodiments can be adopted. 

As described so far, according to the present 

2 5 invention , there is provided a radar that suppresses a dc 

component so as to improve the precision in processing a 
signal in a low-frequency band. 

The invention may be embodied in other specific 
forms without departing from the spirit or essential 

30 characteristics thereof. The present embodiment is 
therefore to be considered in all respects as 
illustrative and not restrictive, the scope of the 
invention being indicated by the appended claims rather 
than by the foregoing description and all changes which 

35 come within the meaning and range of equivalency of the 

claims are therefore intended to be embraced therein. 



